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Experiments were conducted to determine whether ultra-
violet (UV) radiation exerts its effect through the gener-
ation of oxygen intermediates on Langerhans cells (LC). 
Guinea pigs were exposed to one single dose of UVB 
(0.9-2.7J /cm2), and biopsy specimens were taken 5 days 
after the irradiation. The population of LC was evaluated 
using ATPase-stained epidermal sheets. These exposures 
red uce d the number of LC to 20-25% of the original den-
sity. On the other hand, superoxide dismutase (SOD) 
(0.02-0. 2 mg), a scavenger of super oxide anion, which had 
been injected intradermally just before UV radiation, sig-
nificantly preven ted the depletion of LC, although not 
completely (37-40% of the original density). The inj ection 
T he epiderm al Langerhans cell (LC) is an immunocom-petent cell which recognizes, processes, and presents antigens to immune T lymphocytes [1 ,2]. Langerhans cells synthes ize la antigen [3,4] and bear surface re-cepto rs for the Fc portion of IgG and com plement 
components [5] . Langerhans cells are sensiti ve to ultraviolet (UV) 
light and easil y lose their cell surface markers [6-10] . Their im-
mun o logic functions are also impaired after UV radiation [2,6,11 ]. 
However, the mode of action ofUV on LC is currentl y unknown. 
It is known that reactive oxygen intermediates such as superoxide 
anio n (0 '2), hydrogen peroxide (HZ0 2), hydroxyl radical (OH), 
and sin glet oxygen C02 ) are produced from molecular oxygen 
by ionizing and nonionizing radiation. These active oxygen spe-
cies can damage vari ous tiss ues, when production of these species 
overcomes the protective capacity of biologic systems. We have 
previo u sly demonstrated that oxygen intermediates are involved 
in the UV -induced damage of epidermal keratinocytes, that is, 
in the formation of sunburn cells [12,13]. The present experiments 
were conducted to determine whether UVB radiation exerts its 
Man u script received August 15, 1986; accepted for publication January 
21, 1987. 
T his s tud y was supported in part by grant 61570489 from the Ministry 
of Ed u cation, Japan. 
*This work was presented in part at the Joint International Meeting of 
rhe E u ropean Society fo r Derm atologica l Research and T he Society for 
Inves tigative Derm atology , In c., Geneva, Switze rland, June 22-26, 1986. 
Reprint requests to: Takeshi Horio, M. D., Depa rtment of Dermatol-
ogy , Faculty of Medicine, Kyoto University , Sakyo, Kyoto 606, Japan. 
Abbreviations: 
ODC: N , N '-diethy ld ithioca rbamate sodium trihydrate 
LC: Langerhans cell (s) 
0 "2 : superoxide anion 
102 : singlet oxygen 
OH': hydroxyl rad ica l 
SOD: superoxide dismutase 
UV: ultravio let 
immediately after the exposure was still significantly ef-
fective, but less so. Other scavengers of oxygen interme-
diates including ca talase, D-mannitol , and L-histidine re-
vealed no detectable effect. A single exposure of UVB at 
doses ofO.3-0.6J/cm2 did not deplete the ATPase-positive 
LC. However, the same dose ofUVB reduced the number 
of LC to 70%, when exposed after the injection of an SOD 
inactivator, diethyldithiocarbamate, possibly due to inac-
tivation of physiologically existing SOD. These observa-
tions indica te that oxygen intermediates such as superoxide 
anion or its subsequent species are generated by UV ra-
diation exposure and damage the epidermal LC. J [ !'lVest 
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effect throu gh genera tion of oxygen intermediates on the LC, 
which is another resident ill the epidermis of the skin. 
MATERIALS AND METHODS 
Animals Female Hartley albino guinea pigs weighing 500-700 
g were used. 
Ultraviolet Radiation Source An ultraviolet irrad iation ap-
para tus (M-DMR-I Type, Eisai Co., Tokyo) equipped w ith 5 
tubes of fluorescent sunlamp (Toshiba FL 20SE) was used as a 
radiation source of mid-wave UVB. T his instrument emits wave-
lengths mainly between 280- 320 nm , peaking at 305 nm . T he 
irradiance was 3.0 mW/cm 2 at a target distance of 20 cm, as 
measured with the aid of a UV -radiometer (Type 305/365, To-
shiba Medica l Supplies, Tokyo) with a spectral sensitivity in the 
range of 280-320 nm . 
Chemicals Superoxide dismutase (SOD) from bovine blood 
(- 2,700 units/ mg protein) and N ,N '-diethyldithiocarbamate so-
dium trih ydrate (DOC) were purchased from Sigma Chemical 
Company; ca talase of bovine liver origin (- 3,000 units/ mg pro-
tein) from P-L Biochemicals; and L-histidine hydrochloride and 
D-mannitol from Wako Chemical Company. All reagents were 
dissolved in sterile ph ysiologic saline and the PH was adj usted to 
7.4. The solutions were injected intradermall y. 
A TPase Staining and Counting ofLC Epidermal sheets were 
prepared from biopsy specimens and stained with ATPase ac-
cording to the method by Juhlin and Shelley [1 4]. Briefly, the 
epidermis was separated from the dermis by incubation in EDT A 
and fixed in cacodylate formaldehyde solution. Then, it was in-
cubated in ATP-Iead nitrate solution for 20 min and immersed 
in am monium solution. The specimens were mounted in glycerin 
j ell y. The ATPase-positive cell s were counted by means of a 
reticl e fitted into the eyepiece of the microscope and calibrated at 
a magnifi cation of 400 X . In each specimen, cells were counted 
in 5 fi elds of interfolli cular areas . T he cell populations were ex-
pressed as number of cells/mm2• 
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Statistical Analysis Student's I-test was employed to determine 
statistical differences between the means. 
Experimental Procedures The back area (6 X 6 cm) of guinea 
pigs was depilated manually . Into two sites of the depilated skin 
0.2 ml of SOD solution (0. 1 or 1 mg/ ml) was injected in trader-
mally, and immediately afterwards the back area of the animals 
was exposed to a single dose of UVB at 0.9 or 2.7 J/cm 2 • Irra-
diation time was 5 or 15 min, respectively. Positive control an-
innIs were injected with saline and subsequently exposed to UVB; 
nega tive contro ls were injected with SOD w ithout UVB radia-
tion. Other groups of guinea pigs were injected with catalase (10 
or 100 mg/ ml), L-histidine hydrochloride (lor 5 mg/ ml), or D-
mannitol (10 or 100 mg/ ml) instead of SOD with or without 
subseq uent exposure to UVB. Five days after the irradiation, 
biopsy specimens were taken from the skin that had been injected 
and were subsequently irradiated w ith a 5-mm trepan without 
anesthesia. An interval of5 days between irradiations and biopsies 
was selected on the basis of our previous observation that the 
density of ATPase-positive LC was lowest at 5-7 days after the 
exposure and returned to the original state at 14 days in guinea 
pigs [9). Two specimens were removed from each animal. Biopsy 
was don e also in guinea pigs which had received injection alone, 
radiation alone, or neither treatment. 
To test the timing effect of injections, SOD (0.2 mg) was 
inj ected 2 h before, just before, immediately after, or 2 h after 
the exposure to UVB at 2.7 J/cm 2. 
Another group of animals was injected w ith 0.2 ml of DOC 
(1 mg or 10 mg/ ml), which is an inactivator of SOD [15), just 
before UV radiation (0.3, 0.6, or 2.7 J/cm 2). Negative controls 
were given DOC alone. 
RESULTS 
Effect of SOD on UV-Induced Damage ofLC In untreated 
g uinea pig skin , the number of ATPase-positive LC was 857 ± 
69/mm 2 (mean ± SO) (Fig 1). A single exposure to UVB at a 
dose of 0.9 or 2.7 J/cm 2 reduced the number of cells to 261 ± 
20 or 175 ± 33/mm2 , respectively. Not on ly numeric but also 
morphologic changes of LC were observed in the exposed epi-
dermis . The size of cytoplasm greatly en larged and the dendritic 
processes elongated. 
An intradermal injection of 0.02 mg of SOD before irradiation 
prevented the depletion of ATPase-positive LC. The num bers of 
LC, 443 ± 27/mm2 (SOD plus 0.9 J/cm 2) and 307 ± 26/mm2 
(SOD plus 2.7 J/cm 2), were significantly (p < 0.001) higher than 
those in the skin exposed to UVB without SOD injection. M or-
phologic changes were also less marked. Higher dose (0.2 mg) 
of SOD revea led a more protective effect in the skin exposed to 
0.9 jlcm2, while there was no significant difference in the effect 
between 0.2 and 0.02 mg of SOD, when the skin was exposed 
to 2.7 J/cm 2 of UVB. The injection of SOD alone revealed no 
effect on LC density . 
The guinea pigs that had been exposed to 2.7 J/c m2 of UVB 
developed a mild erythema 24 h after the irradiation . However, 
SOD injection did not affect the sunburn erythema. A single UVB 
exposure at a dose of 0.9 JI cm2 did not produce any visible skin 
reaction. 
Injections of other scavengers than SOD, including catalase, L-
histidine, and D-mannitol , did not show any protective effect on 
LC depletion due to UVB exposure (data not shown) . 
Injection Timing The inj ection of SOD just before UVB ex-
posure showed a significant (p < 0.001) effect on UV- induced 
injury of LC (Fig 2). Although less effective (p < 0.002), the 
injection immediately after the irradiation still prevented LC dam-
age. The injection 2 h before or after the exposure was no longer 
effective . 
Effect of DOC A single small dose of UVB (0.3 or 0.6 J/cm2) 
did not alter the ATPase-positive LC population in the guinea 
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Figure 1. The effect of SOD on UVB-induced damage ofLC. The SOD 
was injected intraderma lly just before the UV B exposure (0.9 or 2.7 
J/cm 2). Biopsy specimens were taken 5 days after the irradiation. Three 
guinea pigs were used for each group and biopsy specimens were taken 
from 2 sites of each animal. Langerhans cel ls were counted in 5 fi elds of 
each epidermal sheet stained with ATPase. 
pig skin (Fig 3). However, th e irradiation of the same dose of 
UVB reduced the number of LC to approximately 70% of the 
original density in the skin that had been given 2 mg of DOC. 
The injection of 0.2 mg of DOC revealed no significant effect. 
Wh en the skin was exposed to a larger dose (2.7 J 1 cm2) of UVB, 
the augmentative effect of DOC on LC depletion was not de-
tected . Injection of DOC alone did not alter the LC density . 
The density of ATPase-positive LC in the ski n exposed to 2.7 
J/cm 2 of UVB was higher in this experiment than that in the 
experiments of Fig 1 or Fig 2. The different sensitivity to UVB 
seemed to be dependent on the age of the guinea pigs. The group 































Figure 2. The effect of injection timing of SOD. Three guinea pigs were 
used for each group, and biopsy specimens were taken from 2 sites of 
each animal. Langerhans cells were counted in 5 fields of each epidermal 
sheet. The SOD (0.2 mg) was injected intradermally before or after UV 
radiation (2.7 J /cm2) . P values were obtained by co mparison with the 
results from animals exposed to UVB without SOD inj ection. 
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Figure 3. The effect of DOC (SO D inact ivator) on UV-induced LC 
damage. Two guinea pigs were used for each group , and 2 specimens 
were renlOved from one animal. Langerhans cells were counted in 5 fields 
of each epidermal sheet. The DOC was injecte'd intradermally just before 
UVB radiation. 
DISC USSION 
Oxygen interm ediates generated by a va riety of stimuli are highly 
reacti ve and can cause cell or tissue damage in biologic sys tems. 
Cell membrane may be a major target site for this injury , since 
lipid-ric h membranes can undergo lipid peroxidation by reactive 
oxygen species (1 6). 
The e piderm al LC synth esizes and ex presses immunoresponse-
associa t ed (Ia) anti gens on its cell surfa ce [3,4), and also ca rries 
surface receptor for complement components and for the Fc por-
tion of IgG [5]. T herefore , the cell membrane should be an im-
ponan t site for th e LC to acco mplish its immunologic functions . 
Langerhans cells have severa l characteristi c surface markers which 
are distinct from surro undin g epidermal keratinocytes or mela-
nocy t es, i.e. , ATPase, la antigen, and OKT6 antigen [17]. Re-
cen tl y it has been demonstrated that these membrane markers are 
affec t ed by UV radiation [6-10]. We previously observed that 
oxygen intermediates were invo lved in the UV-induced damage 
of epide rmal keratinocytes. The administration of SOD sup-
pressed sunburn cell format ion in the epidermis both in vitro [12] 
and in vivo [13]. Skin is directly exposed to molecu lar oxygen 
and to UV radiation . Based on these background s, it seemed to 
be reasonable to assume that UV radiation may damage the epi-
derm.al LC throu gh generation of oxygen intermediates. T he dis-
covery of SOD [18], a metalloenzyme that catalys tically quenches 
0'2, ula de it possible to investiga te the role of active oxygen 
species in the inflammatory process. 
The present experiments demonstrated that SOD prevented 
the d e ple tion and morphologic alterations of l C induced by UVB 
exposure. The loss of membrane determinants does not neces-
sarily represent the phys ical disappearance of the LC popu lation 
at the ultrastructural level [7,19]. However, a direct correlation 
between the numbers of ATPase-positive LC and immunologic 
functions of LC has been demonstrated (6). Therefore, it is pos-
sible tha t scavengers of oxygen intermediates protect the UV-
induced impairment of LC functions . In the present study, SOD 
could not completely prevent the loss of ATPase from LC, even 
though relatively large amounts of the chemical had been given 
just b efore the UVB radiation. Incomplete inhibition ma y be due 
to a rapid inactivation of SOD adm inistered exogenous ly. In fact, 
SOD g iven 2 h before UVB radiation was no longer effective. 
Al tern a tively, there ma y be a difference in UVB sensitivity among 
cells. W e have observed that the sensitivity of epidermal kerat-
inocy t es to UVB radiation related to the cell cycle [20,21]. The 
DNA synthesizing cell s were more UVB-sensitive than those in 
other phases. Recently , Czernielewski et al reported that lC are 
also a cycling cell popu lation and are able to proliferate in situ in 
the e pidermis [22]. 
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The inhibitory effect of SOD on UVB-induced damage of l C 
may be ca used by the enzy matic activity, quenching O 2. Pre-
viously we observed that inactivated (boi led) SOD showed no 
protective effect on UVB-induced injury of keratinocytes . 
An augmentative effect of DDC on UVB-induced injury sug-
gests that ph ysiologicall y existin g endogenous SOD was inacti-
va ted by DDC. However, in the skin exposed to 2.7 J/cm2 of 
UVB, DDC did not augment the l C injury. It seems to be likely 
that the amount of ph ysiologic SOD in the skin is not enou gh 
to quench all of the oxygen intermediates generated by a larger 
dose of UVB, so that inactivation of the small amount of SOD 
by DDC did not reveal the augmentative effect. These obser-
vations do not necessa rily indica te that only O 2 plays a major 
role in lC damage, since more reactive oxygen intermediates 
such as H20 z, OH, and ' 0 2 can be generated from molecular 
oxygen throu gh O 2 [23] . However, ca talase (quencher for H20 2), 
histidine (OH and others), and mannitol (OH) did not revea l 
any detectable effe ct on UVB-induced injury in this stud y. T his 
ma y be du e to the rapid reaction ofl-h02 and OH· with substrates 
or to their form ation and reaction in the regions of the cell th at 
are not accessible to their quenchers. All the data obtained here 
arc closely similar to those reported prev iously in epidermal ke-
ratinocy tes [13]. 
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